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Description 

[THIN FILM TRANSISTOR AND 
FABRICATING METHOD THEREOF] 

Cross Reference to Related Applications 

[0001] This application claims the priority benefit of Taiwan ap- 
plication serial no. 92118974, filed July 11, 2003. 
Background of Invention 

[0002] Field of the Invention 

[0003] jhe present invention relates to a semiconductor device 
and a method for fabricating the same. More particularly, 
the present invention relates to a structure of a thin film 
transistor (TFT) and a method for fabricating the same. 

[0004] Description of the Related Art 

[0005] a thin film transistor (TFT) typically includes a gate, a gate 
dielectric layer, a channel layer, a drain and a source, and 
is usually used as a switching device in a semiconductor 
apparatus. Since a TFT has a gate, a source and a drain, 
its operation is the same as that of a conventional MOS- 



FET. The TFT family includes amorphous silicon(n-Si) TFT, 
which is formed by sequentially forming a gate, a gate di- 
electric layer, an n-Si channel layer and a source/drain on 
a substrate. The gate is constituted of a single metal layer 
of aluminum (Al), chromium (Cr), tungsten (W), tantalum 
(Ta) or titanium (Ti), or constituted of multiple metal lay- 
ers. 

[0006] However, when a single layer of aluminum or aluminum 
alloy is used to form the gate, the surface of the layer 
easily reacts with oxygen in the atmosphere to form alu- 
minum oxide that cannot be effectively etched in the sub- 
sequent etching process. Therefore, a protective layer, 
such as a nitride layer, is usually formed on an aluminum 
or Al-alloy gate to prevent formation of aluminum oxide. 
However, such a method causes etching residues to form 
around the top of the gate during the etching process, re- 
sulting in an eave effect that will affect subsequent pro- 
cesses. 

[0007] on the other hand, when the gate is constituted of multi- 
ple metal layers including aluminum or aluminum alloy 
and other metals, such as chromium (Cr) or molybdenum 
(Mo), the underlying aluminum or Al-alloy layer having a 
higher etching rate is etched faster to produce undercuts 



in the etching process. Furthermore, etching residues are 
also formed during the etchi ng process of the multiple 
metal layers, so that an eaves effect is caused to raise the 
contact resistance and the wire resistance of the gate and 
lower the performance of the device. In addition, the pro- 
cess for forming multiple metal layers is surely more 
complicated than that for forming a single metal layer. 
Moreover, the above problems also occur in the process 

for forming the source/drain. 
Summary of Invention 

[0008] | n V j ew 0 f the foregoing, this invention provides a thin 

film transistor (TFT) that includes a gate or a source/drain 
having a lower contact resistance or wire resistance. 

[0009] jhis invention also provides a method for fabricating a 

TFT that uses a material resistant to oxidation and erosion 
to form a single-layer gate or source/drain, so as to sim- 
plify the manufacturing process and improve the through- 
put. 

[0010] jhis invention further provides a method for fabricating a 
TFT to prevent formation of etching residues during the 
patterning/etching process of the gate or the source/ 
drain. 

[001 1] The method for fabricating a TFT of this invention is de- 



scribed as follows. A gate is formed on a substrate, and 
an insulating layer is formed on the substrate covering the 
gate. A channel layer is formed on the insulating layer 
above the gate, and then a source/drain is formed on the 
channel layer to constitute a TFT. In this method, the gate 
or the source/drain includes a single layer of molybde- 
num-niobium (MoNb) alloy. 

[0012] Moreover, in the aforementioned method for fabricating a 
TFT, the gate may also be formed as a multi-layer struc- 
ture of MoNb/AINd or MoNb/AINd/MoNb, wherein Nd 
represents neodymium element. 

[0013] The TFT structure of this invention includes a substrate, a 
gate, an insulating layer, a channel layer and a source/ 
drain. The gate is disposed on the substrate, the insulat- 
ing layer is disposed over the substrate covering the gate, 
and the channel layer is disposed on the insulating layer 
above the gate. The source/drain is disposed on the 
channel layer, and the gate or the source/drain includes a 
single MoNb layer. 

[0014] Moreover, in the aforementioned TFT structure, the gate 
can also be constituted of a multi-layer structure of 
MoNb/AINd or MoNb/AINd /MoNb. 

[0015] | n addition, the amount of niobium in the MoNb alloy is 



less than 10% in the above-mentioned TFT structure and 
the fabricating method thereof. 

[0016] since the TFT process of this invention forms a single 

MoNb layer instead of the conventional AINd/Cr or AINd/ 
Mo composite layer as the material of the gate or source/ 
drain, the fabricating process of the gate or the source/ 
drain can be simplified to improve the throughput. 

[0017] Moreover, since the MoNb alloy has a lower contact resis- 
tance and a lower wire resistance, the contact resistance 
and the wire resistance of the gate or the source/drain 
can be lowered. 

[0018] Furthermore, since the MoNb alloy is highly resistant to 
oxidation and erosion, no protective mask layer is needed 
during the etching process. Therefore, no etching residue 
is produced during the etching process. 

[0019] it is to be understood that both the foregoing general de- 
scription and the following detailed description are exem- 
plary, and are intended to provide further explanation of 

the invention as claimed. 
Brief Description of Drawings 

[0020] The accompanying drawings are included to provide a 

further understanding of the invention, and are incorpo- 
rated in and constitute a part of this specification. The 



drawings illustrate embodiments of the invention and, to- 
gether with the description, serve to explain the principles 
of the invention. 

[0021] FIG. 1 illustrates a cross-sectional view of a TFT structure 
according to a preferred embodiment of this invention. 

[0022] piGs. 2A-2C illustrate a process flow of fabricating a TFT 

according to the preferred embodiment of this invention 

in a cross-sectional view. 
Detailed Description 

[0023] This invention is further explained with an n-Si TFT and 
the fabricating process thereof as a preferred embodi- 
ment. However, the scope of this invention is not re- 
stricted to the contents of the preferred embodiment, and 
this invention can also be applied to the cases of LTPS 
(Low Temperature Poly-Silicon) TFT. 

[0024] FIG. 1 illustrates a cross-sectional view of a TFT structure 
according to the preferred embodiment of this invention. 

[0025] Referring to FIG. 1, a TFT structure of this invention in- 
cludes a substrate 100, a gate 102, an insulating layer 
104, a channel layer 106, a source 108a and a drain 108b. 
The gate 102 is disposed on the substrate 100, the insu- 
lating layer 104 is disposed over the substrate 100 cover- 
ing the gate 102, and the channel layer 106 is disposed 



on the insulating layer 104 above the gate 102. The 
source/drain 108a/b is disposed on the channel layer 
106. 

[0026] The gate 102 is preferably based on a MoNb alloy, 

wherein the amount of niobium is less than 10%. The gate 
102 can be a single MoNb layer, or a composite layer of 
MoNb/AINd or MoNb/AINd/MoNb, while the material of 
the source/drain 108a/b may be a conventional one like 
chromium (Cr). 

[0027] Besides, in another embodiment, the source/drain 108a/b 
is based on a MoNb alloy, wherein the amount of niobium 
is less than 10%. The source/drain 108a/b can be a single 
MoNb layer, or a composite layer of MoNb/AINd or MoNb/ 
AINd/MoNb, while the gate 102 can be constituted of a 
conventional AINd/Mo composite layer, for example. In 
still another embodiment, each of the gate 102 and the 
source/drain 108a/b is based on a MoNb alloy, wherein 
the amount of niobium is less than 10%. Each of the gate 
102 and the source/drain 108a/b can be a single MoNb 
layer, or a composite layer of MoNb/AINd or MoNb/ 
AINd/MoNb. 

[0028] it is noted that a MoNb alloy is more stable than pure 

chromium or pure molybdenum used in the prior art, and 



is therefore more resistant to oxidation and erosion. The 
resistance to oxidation and erosion of a MoNb alloy can 
be enhanced by increasing the amount of niobium, but 
the electrical resistance of the MoNb alloy will be ad- 
versely raised with this method. Therefore, the amount of 
niobium should be moderately adjusted according to the 
requirements of the product. 

[0029] on the other hand, FIGs. 2A-2C illustrate a process flow 
of fabricating a TFT according to the preferred embodi- 
ment of this invention in a cross-sectional view. 

[0030] Referring to FIG. 2A, a substrate 100, such as a glass sub- 
strate or a transparent plastic substrate, is provided. A 
metal layer (not shown) having a thickness of thousands 
of angstroms is formed on the substrate 100 and then 
patterned to form a gate 102. The metal layer can be 
formed with a sputtering method, and can be a single 
MoNb layer or a composite layer of MoNb/AINd or MoNb/ 
AINd/MoNb, wherein the amount of niobium in the MoNb 
alloy is less than 10%. 

[0031] Thereafter, a blanket insulating layer 104 is formed on the 
substrate 100 covering the gate 102. The insulating layer 
104 is, for example, a silicon nitride layer or a silicon ox- 
ide layer that is formed with a plasma-enhanced chemical 



vapor deposition (PECVD) process. 
[0032] Referring to FIG. 2B, a layer of channel material (not 

shown) is formed on the insulating layer 104 and then 
patterned into a channel layer 106 on the insulating layer 
104 above the gate 102. The channel layer 106 is formed 
from n-Si, for example, and can be provided with an 
ohmic contact layer thereon. The material of the ohmic 
contact layer is, for example, n + -doped amorphous sili- 
con. 

[0033] Referring to FIG. 2C, another metal layer (not shown) is 

formed over the substrate 100 and then patterned to form 
a source/drain 108a/b using a lithographic process and 
an etching process. The metal layer can be a single MoNb 
layer or a composite layer of MoNb/AINd or MoNb/ 
AINd/MoNb, wherein the amount of niobium in the MoNb 
alloy is less than 10%. After the source/drain 108a/b is 
formed, the etching process is continued for a while to re- 
move a portion of the exposed channel layer 106. With the 
above steps, a TFT constituted of a gate 102, an insulat- 
ing layer 104, a channel layer 106 and a source/drain 
108a/b is obtained. 

[0034] Several tests have been conducted to demonstrate the ef- 
fects of this invention, wherein the gate or the source/ 



drain includes a single MoNb layer or a composite layer 
containing a MoNb layer, wherein the amount of niobium 
in the MoNb layer is less than 10%. The single MoNb layer 
or the composite layer is formed with a sputtering process 
conducted with an argon flow rate of 80sccm and a power 
of 55kW under 180°C. The testing results are listed in Ta- 
bles 1 and 2. 



Table 1: S/D Resistance 



Material of Source/drain 


Sheet resistance (Q/cm 2 ) 


Contact resistance (Q/cm 2 ) 


MoNb alloy (4000A) 


18.35 


1.291 


Cr (4000A) 


20.09 


2.814 


MoNb (450A) / AINd (2000A) 
/MoNb(150A) 


10.92 


1.31 



[0035] As shown in Table 1, the sheet resistance and the contact 



resistance of a source/drain constituted of a single MoNb 
layer are lower than those of a conventional chromium 
source/drain. The contact resistance of a source/drain 
constituted of a MoNb-containing composite layer is in- 
termediate, and the sheet resistance of the same is low- 
est. Accordingly, using MoNb as the base material of the 
source/drain can actually reduce the contact resistance 
and the wire resistance of the source/drain. 



Table 2: Gate Resistance 



Material of Gate 


Sheet resistance (Q/cm 2 ) 


Contact resistance (Q/cm 2 ) 


MoNb alloy (4000A) 


8.118 


7.487 


AINd alloy (4000A) 


5.089 


675.9 


MoNb alloy (450A) / AINd 
alloy (2000A) 


4.597 


34.76 



[0036] As shown in Table 2, when the gate is constituted of a 



single MoNb layer, the sheet resistance of the gate is 
higher than that of a conventional AINd gate, but the con- 
tact resistance of the former is much lower than that of 
the latter. Moreover, both the sheet resistance and the 
contact resistance of the bilayer gate containing a MoNb 
layer are lower than those of a conventional AINd gate. 
Accordingly, using MoNb as the base material of the gate 
can actually reduce the contact resistance of the same. 

[0037] As mentioned above, the gate or the source/drain can be 
constituted of a single MoNb layer or a composite layer of 
MoNb/AINd or MoNb/AINd/MoNb in the above embodi- 
ment. However, the gate or the source/drain is preferably 
constituted of a single MoNb layer, since the MoNb alloy is 
highly resistant to oxidation and erosion and has a rela- 
tively low contact resistance. By doing so, not only the 
contact resistance of the gate or the source/drain can be 
reduced, but also the fabricating process of the gate or 
the source/drain can be simplified. 

[0038] since the method of this invention uses a MoNb alloy hav- 
ing a lower contact resistance instead of conventional 
AINd/Cr or AINd/Mo as the base material of the gate or 
the source/drain, the contact resistance of the gate or the 
source/drain can be much reduced. Moreover, since the 



MoNb alloy is more stable, no protective mask layer is 
needed in the patterning process of the gate or the 
source/drain. 

[0039] Moreover, since the gate can be constituted of a single 
MoNb layer instead of a composite metal layer, the TFT 
fabricating process can be simplified to increase the 
throughput. 

[0040] Furthermore, since no protective mask layer is formed be- 
fore the etching process of the gate or the source/drain, 
no etching residue is formed during the etching process. 

[0041] | t w j|| De apparent to those skilled in the art that various 
modifications and variations can be made to the structure 
of the present invention without departing from the scope 
or spirit of the invention. In view of the foregoing, it is in- 
tended that the present invention covers modifications 
and variations of this invention provided they fall within 
the scope of the following claims and their equivalents. 



